rapidly affected by lowering the pH, so that coordination is entirely at the c-terminal site at low pH. Above pH 9, the conformation at the C-terminal site (two tyrosines) changes such that only one tyrosine is bound, the same that perta at the N-terminal site at neutral pH. In addition to the three protons released by the coordinating tyrosine residues, the complexation of two Th(IV) ions releases two more protons at pH 8.6, which are ascribed to hydrolysis, so that the metal is bound as a monohydroxo species. It is sugges that diferric transferrin undergoes a similar reaction, the other implications of these results the structure function of the native trans are discussed. To determine if NTA does compete with the apotrans in for thorium at pH 7.2, a second set of difference spectra were recorded in the presence of a tenfold excess of NTA.
At any point in the titration curve, the excess ligand has almost no effect on l'oE, proving compet~tion from NTA is not a significant factor over most of the t ion. 'I'here be some compet ion at the of the titrat u when the of NTA to vacant trans b sites rises to 20 30.
pH on t:horium binding was also examined.
As the pH ses from 7.2, the maximum value of 6s decreases Titrat curves from 7.2 to 6.0 are shown 6 9.5 to 8
7. The curves at pH do not level off as sharply; it appears that the N'J:A is ab to with transferrin under these more acidic conditions. This was confirmed by repeating ion at pH 6.25 with a tenfold excess of NTA, which resulted in a significant decrease in 6s value at r values than 1.0.
Observed 6s values at r = 2 as a function of pH from pH 6 to 9.5 are shown in Figure 8 . As discussed above, the decrease in 6t. below pH 7 is due to a shift in the effective g constants of NTA and transferrin, such that NTA to compete strongly with trans for the thorium. The data in Figure 8 show that 6c also decreases at high pH, even though the titration curves indicate that two are tightly bound to transferrin. lanthanide ~E values at r = 2 are plotted as a ion radius in Figure 11 , where it can be seen that the 38 thorium results are consistent with the lanthanide data. Although the basic conclusions discussed above regarding size discrimination are probably valid, the uncertainty in the lanthanide data is such that it is imprudent to make predictions based on small differences in ionic radii.
The proton release studies also reflect the inequivalence of the two thorium binding sites, with a total of 4.5 protons ing released by the coordination of two thorium ions. Since ·the data were collected at pH 8.6 (well below the typical pKa tyrosine), coordination of each tyrosyl group must involve the release of a proton. The observed 6E of 24,000 for di(thoriurn) transferrin at pH 8.6 corresponds to only~ 2.8 coordinated tyrosines. is probably entirely at the C-terminal site. Above pH 9 there a conformational change in the protein which converts the C-terminal site (two tyrosine) into a second N-terminal site (one tyrosine). The spectrophotometric titration curve for s species is linear, as expected for equivalent sites.
In addition to the three protons displaced from the coordinated tyrosine residues, the binding of two thorium ions releases two additional protons at pH 8.6; these are ascribed to metal ion hydrolysis reactions. ferrin as a function of pH (6.0 to 7.2).
Difference UV titration curves of Th(NTA) 2 + apotransferrin as a function of pH (8.0 to 9.5).
Values of 6s at r = 2.0 as a function of pH. 
